Abstract: This case series describes multiple mortalities associated with sepsis, neoplasia, and endoparasitism in yellow-lipped sea kraits (Laticauda colubrina) at an exhibit aquarium. Over a 2-yr period, the facility kept 42 L. colubrina, of which 38 died and 19 were suitable for necropsy and histopathology. The common clinical syndrome seen in these animals consisted of partial to compete anorexia, increased time spent ''hauled-out'' on land, intermittent regurgitation, chronic lethargy, and weight loss. Few animals died without premonitory signs. Nutritional support and treatment for presumptive parasitism and sepsis were unsuccessful. The mortality seen in this collection of sea kraits could be placed into three groups; one group of animals (n ϭ 9) died of sepsis secondary to necrotizing enteritis or pneumonia; one group (n ϭ 6) remained apparently healthy for over 1 yr and then died with multifocal granulomas and sepsis; and the last group (n ϭ 3) died as a result of multicentric lymphoid neoplasia with secondary sepsis. The unifying factor in the majority of these cases is the presence of septicemia as the proximate cause of death. Based on the clinical picture, it is presumed that an immunosuppressive event, such as transport, captivity stress, or possible concurrent viral infection, resulted in a septic event and death.
INTRODUCTION
Sea snakes represent over 70 species in 26 genera. Sea kraits are snakes belonging to the Laticauda genus and include three marine and one freshwater species, all of which are native to southeast Asia. 13 Though extensive research has been conducted on the physiology and natural history of sea snakes, little has been documented in the literature regarding diseases in the wild or care in captivity. 4, 7 Discussion of sea snake captive husbandry is limited to reports of few individuals and focuses on the difficulty of maintaining the animals in captivity for longer than 1-2 mo, with isolated reports of individuals living 3-5 yr. 12, 20 Mortalities described in these reports are often attributed to inanition from poor feeding, though no necropsy or histopathology data were presented. A comprehensive bibliography of sea snake literature does not include any disease citations. 4 Previous reports of wild sea snake morbidity are limited to descriptions of parasitism. 16, 19 An isolated report of lymphoid leukemia in a captive Laticauda colubrina describes a mortality without premonitory signs. 22 This case series describes multiple mortalities associated with sepsis, neoplasia, and endoparasitism in L. colubrina at the North Carolina Aquarium at Fort Fisher (NCAFF) (North Carolina, USA). To date, this report represents the first detailed description of sea snake morbidity, mortality, and pathology related to sea snakes maintained in captivity.
CASE REPORTS
From May 2005 through February 2007, the facility received and maintained adult yellow-lipped sea kraits (L. colubrina), which were wild-collected in Bali, Indonesia. The animals were housed with Erabu sea snakes (Laticauda semifasciata), five of which were wild-collected in Japan and one of which was obtained from another U.S. institution. During the period of this report, the facility kept 42 L. colubrina, of which 38 died. The animals ranged from 288-888 g. Many of the animals died in their enclosures overnight, making prompt necropsy and formalin fixation impossible. All animals not grossly autolyzed when recovered (n ϭ 19; 13 males and 6 females) were submitted for necropsy and histopathology. The first shipment of 19 snakes arrived in May 2005 and was placed in saltwater quarantine tanks with dry haul-out areas. Water temperature was maintained between 26.7-28.8ЊC (80-84ЊF), and water quality standards were similar to those in fish systems with salinity of 30-32 ppt. The L. colubrina were fed a diet of live American eels (Anguilla rostrata) based on recommendations from other institutions and food preference in the wild. 6, 21 Within 2 wk of shipment, three animals developed severe stomatitis and one died. One of the remaining animals was treated unsuccessfully with enrofloxacin (Baytril, Bayer Animal Health, Shawnee, Kansas 66216, USA; 10 mg/kg, diluted 1:1 in sterile water, administered subcutaneously [s.c.] every 48 hr). All three animals died within 4 wk of shipment. Histopathology of one snake showed focal, severe heterophilic stomatitis and severe chronic heterophilic and histiocytic interstitial bronchopneumonia with a high load of filarid nematodes. Treatment aimed at controlling the filarid parasite load was started on the remaining snakes (levamisole, 10 mg/kg, s.c., every 3 wk for three treatments). Two more animals died by the end of the first month, and the surviving animals remained anorexic. Based on recommendations from other facilities, 6 of the 12 remaining animals were transferred to 122 ϫ 91 ϫ 46-cm plastic snake cages with wet moss substrate and water dishes for feeding. After 1 mo these semiterrestrial animals were still not eating and two of them died; the remaining snakes were returned to saltwater tanks. The smallest snakes were tube-fed pureed eels with minimal success. By August 2005, 11 animals from the original shipment had died and three were transferred to another institution.
In August 2005, a second shipment arrived containing 39 new animals, of which 16 were shipped to other institutions. In quarantine, hematology and serum chemistry were performed on four animals and were found to be unremarkable, except for the fact that hemogregarine parasites occupied red blood cells in all four snakes. Within 3 wk of acquisition, multiple animals developed a common clinical syndrome consisting of partial to complete anorexia, increased time spent ''hauled-out'' on land, intermittent regurgitation with chronic lethargy, and weight loss. Over the subsequent 10 mo, 20 animals died; no abnormalities were noted on gross necropsy, and only six carcasses were of suitable condition for histopathology. Histopathology showed evidence of necrotizing enteritis in four of six snakes and necrotizing pneumonia in the remaining two snakes ( Table 1 ). The necrotizing enteritis was characterized by accumulations of cellular debris, fibrin, and bacteria in the intestinal lumen in conjunction with mucosal ulceration and heterophil invasion into the underlying lamina propria and submucosa. Three animals demonstrated moderate to severe multifocal hepatocellular necrosis with intralesional bacteria (Fig. 1) . Additionally, fibrin thrombi were observed in a moderate number of sinusoids and small vessels. Those animals that did not show histologic lesions of necrotizing enteritis had gastrointestinal tracts that were too autolyzed to interpret and may have had concurrent enteritis and pneumonia.
Six snakes died and were necropsied between December 2006 and January 2007; all had scattered granulomas throughout the lung, heart, kidney, spleen, and gastrointestinal tract. The granulomas were characterized by central eosinophilic cellular and karyorrhectic debris surrounded by a ring of epithelioid macrophages and a thin band of peripheral fibroblasts. Microscopic examination of the granulomas was negative for acid-fast and Grampositive bacteria and revealed no parasites. Multifocal hepatic necrosis with aggregates of Gramnegative bacilli, similar to that seen in previous cases involving sepsis, was found in four of six snakes.
One female and two male L. colubrina died in August 2006 and February 2007, respectively, with evidence of disseminated round cell neoplasia and concurrent sepsis. The female had a 3 ϫ 1 ϫ 1-cm, pale, firm, multinodular subcutaneous mass on the dorsum, at the midbody. On histopathology, the animal had disseminated round cell neoplasia within the subcutaneous mass, lung, liver, spleen, gonad, and kidneys (Fig. 2) . Neoplastic cells were round, with a moderate amount of eosinophilic to amphophilic cytoplasm and round central nuclei. There were multifocal aggregates of bacteria in the pulmonary capillaries and expansion of the pulmonary interstitium with neoplastic round cells. Similar bacterial aggregates were seen in all organs examined. Both male snakes had multifocal 1-2-mm, round, white areas on the surface of the liver, extending into the parenchyma, and one had a 1-cm subcutaneous abscess. Neoplastic infiltration was seen in the heart, lung, liver, intestines, and skin. Invasion of the kidney with neoplastic cells was associated with expansion of the interstitium and obliteration of renal tubules. A blood smear made from a postmortem cardiocentesis demonstrated 80-90% large immature lymphoid cells and an estimated white cell count of 60,000-75,000 cells/l, both of which are consistent with a lymphoid leukemia. Transmission electron microscopy failed to detect viral particles in the formalin-fixed samples of the liver and kidney of one snake. Aerobic and anaerobic cultures were collected from multiple organs in both male snakes (North Carolina State University, College of Veterinary Medicine, Raleigh, North Carolina 27606, USA). Moderate growth of Citrobacter freundii, Aeromonas hydrophila, and Klebsiella pneumonia was found in the liver. Light growth of Escherichia coli, Enterococcus faecalis, and Provedencia rettgeri was isolated from the proximal gastrointestinal tract. The subcutaneous abscess produced heavy growth of A. hydrophila, Shewanella putrefaciens, and Edwardsiella tarda. Resistance to enrofloxacin was found in K. pneumonia, and resistance to ceftazadime was detected in A. hydrophila. Cultures of kidney, lung, heart, and colon from one of the snakes also yielded Salmonella arizonae subspecies 4, O group (cell wall antigen) 44, and H group (flagella antigen) Z4, Z32 (National Veterinary Services Laboratory, Ames, Iowa 50010, USA).
In addition to evidence of septicemia, animals from this collection carried varying loads of parasites in the lungs, intestine, and blood vessels. The parasites included protozoa, microfilaria, and trematodes in the lung and nematodes and protozoa in the intestine. The most common parasites were intravascular nematode microfilaria, found in five animals (Fig. 3) . There was no consistent trend in the type and distribution of parasites, and there was no evidence of inflammation or morbidity associated with parasitism.
Elective necropsies were performed on four American eels from the aquarium food stock to assess the potential for food animals contributing to disease of the sea snakes. Gross and histopathologic findings included several small granulomas containing myxozoan spores, consistent with Myxidium giardi, and necrotic debris. One eel had a single Anguillicola crassus nematode in the swim bladder. The nematode and the myxozoan granulomas were considered incidental findings, as these parasites were not found in the dead sea kraits and are common in American eels. 15, 17 Based on poor success, despite a thorough diagnostic and treatment regimen, and as a result of difficulty in acquiring sufficient commercially available antivenin for personnel safety, the facility elected to transfer the remaining snakes to another institution.
DISCUSSION
The mortalities seen in this collection of L. colubrina can be classified into three groups: one group of animals died of sepsis secondary to a necrotizing enteritis or pneumonia; one group remained apparently healthy for over 1 yr and then died with multiorgan granulomas and sepsis; and the last group died as a result of multicentric lymphoid neoplasia with secondary sepsis. The unifying factor in the majority of these cases is the histologic evidence of septicemia as the proximate cause of death.
In the animals necropsied, liver, lung, and intestine were the most commonly affected tissues. Eleven of 19 animals demonstrated severe hepatic necrosis with fibrin microthrombi within the sinusoids, which was interpreted as a sign of sepsis. Six animals had multiorgan granulomas in conjunction with hepatic necrosis. Well-formed discrete granulomas can represent the end stage of histiocytic or heterophilic granuloma formation in reptiles and may be associated with previous bacterial, fungal, or parasitic infection.
14 Septicemia is a common disease syndrome in reptiles and is often linked to a presumed immunosuppressive event, such as stress of transport and captivity or concurrent viral infection. 10 Three of the snake deaths (16% of the L. colubrina necropsied) involved disseminated round cell neoplasia, one of which was leukemic. Each of these snakes had abnormal populations of neoplastic lymphoid cells in various organs with concurrent sepsis. Lymphoid and hematopoietic neoplasias are the most common tumors reported in snakes.
2 Several etiologies have been implicated for round cell neoplasia in reptiles, including retrovirus. 2, 3, 5, [8] [9] [10] [11] 18 In the three cases described here, viral-induced neoplasia was a potential cause of immunosuppression and subsequent sepsis, although transmission electron microscopy did not reveal viral particles in neoplastic tissues. Electron microscopy is a lowsensitivity test for diagnosing viral diseases, but it has been used successfully. 3, 8, 11, 18 Financial and logistical constraints prevented further investigation of viral etiologies through virus isolation, additional electron microscopy, or polymerase chain reactionbased diagnostics.
The L. colubrina were housed with six L. semifasciata, three of which died and were necropsied. Two individuals showed no evidence of sepsis and the third had severe dermatitis and sepsis. No L. semifasciata individuals had evidence of round cell neoplasia, despite exposure to affected L. colubrina. Our findings are consistent with the single report of lymphoid leukemia in a L. colubrina, in which many yellow-bellied sea kraits (Pelamis platurus) exposed to the affected individual died and none of the L. semifasciata were affected. 22 One L. semifasciata, which was in contact with the animals described in the initial report, was transferred to the NCAFF. If an infectious etiology, such as a retrovirus, was responsible for these cases, then L. semifasciata may demonstrate resistance and be a potential reservoir species.
Eight animals in this group had moderate to severe endoparasitism. Organisms were found in the lung, gastrointestinal tract, and vasculature. Though parasite numbers were considered high in some animals, there was no histologic evidence of inflammation associated with the parasites. Pulmonary mites and nematodes as well as intestinal nematodes and trematodes have been reported in wild sea snakes with minimal effect on health. 16, 19 Wild sea snakes are common paratenic hosts of intravascular filarid nematodes, including Angiostrongylus cantonensis. 1 The snakes in this collection were never exposed to other reptiles in captivity, and the parasites found were likely present at the time of capture.
Sea snakes are considered difficult to maintain in captivity, often as a result of their unexplained mortality and refusal of food. 7, 12, 20 For these reasons, sea snakes are uncommonly kept at U.S. institutions, and reports of husbandry recommendations and diseases are rare. 13 With the limited body of information on sea snakes, diagnostics and treatments based on published information for other snake species were attempted. Though a unifying etiology has not been identified, common characteristics of these multiple mortalities were identified. Based on the clinical and epidemiologic picture, it is presumed that an immunosuppressive event, such as transport or confinement stress and/or concurrent viral infection, may have resulted in sepsis and death. In the wild, yellow-lipped sea kraits are known for their timidity and spend much of their time on land completely hidden. 21 In a captive situation, which puts the animals in repeated human proximity, chronic stress can lead to the animal becoming immunocompromised and inanition may occur. This report is intended to supply veterinarians and aquarists with detailed information on the pathology seen in this collection of sea kraits and to serve as a basis for future care and treatment of these species.
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